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Abstract
We considered a support system for medical image-based diagnosis over satellite communication which can be used by doctors
in a remote disaster area who have little experience of the system. Quick image-based diagnosis is diﬃcult to perform using
satellite since satellite communication lines are characterized by long delays and low transmission speeds. Therefore, it is nec-
essary to design a visual interface that enables inexperienced doctors to work quickly and accurately. The purpose is to clarify
the characteristics of thumbnails for images selection quickly for a support system of medical image-based diagnosis over satellite
communication. The relation between the size of thumbnail image and the detection time of desired image in low speed network
was investigated for the accomplishment of the purpose. We proposed an experimental method for clariﬁcation of the thumbnail
image size for the selection of a desired image from among many images. We analyzed the time in which the subjects were able
to ﬁnd a desired image from among 10 images. The relation between detection time and thumbnail size had a minimum because
satellite communication is associated with a long delay. Our experiment showed that the optimal size if thumbnails for fast image
transmission can be calculated based on the shortest image detection time.
c© 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of KES International.
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1. Introduction
It is important that doctors be able to make accurate diagnoses, even during times of disaster. Information about
the exterior and interior of the body can be acquired with medical imaging devices in a disaster area and used to
provide diagnoses to disaster victims. We propose a support system for image-based diagnosis by doctors located
far from a disaster area; the system utilizes satellite communication in order to provide support to local doctors
working under diﬃcult conditions1. The proposed concept, except the part concerning the communication network, is
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similar to conventional support systems for medical image-based diagnosis performed routinely in hospitals. Satellite
communication is more robust than ground-based communication because ground lines can be physically damaged
in a disaster and thus experience connection problems such as disconnection. However, satellite communication
is associated with problems such as longer delays and lower transmission speeds compared to gigabit networks in
hospitals. Here, we focus on communication over geosynchronous satellites such as KIKU VIII (ETS VIII) and
KIZUNA (WINDS).
If satellite communication with limited speed and bandwidth can be used, an eﬀective support system for image-
based diagnosis would be possible by using thumbnails to allow remotely located doctors to select the desired image
from among many images. Telemedicine based on satellite communication involves long waiting times for the trans-
mission of full-sized medical images. The size of medical images can vary between 10 MB and 1 GB per image.
Shortening the waiting time by using thumbnails would enable doctors to provide diagnoses to more patients in a
disaster area.
There have been studies on the throughput of medical image data transmission through the WINDS satellite2,3.
Speciﬁcally, studies have examined the performance of various transmission control protocols for WINDS as well as
TCP-STAR for WINDS4. Those studies have found that the transmission rate can be improved. In addition, there
have been studies on eye movement in response to web page content. However, little is known about how the size of
a thumbnail is related to the time required by the viewer to recognize the image5.
In this study, we investigate the characteristics of thumbnails for user-friendly image selection in the proposed
support system. Speciﬁcally, we focus on the relation between image detection time and thumbnail size in satellite
communication. As a result, the optimal thumbnail size for quick image selection in satellite-based telemedicine was
determined.
2. Method
2.1. Measurement of detection time
We considered a support system for medical image-based diagnosis over satellite communication that can be used
by doctors in a remote disaster area who have little experience using the system. Therefore, the user interface should
be designed such that inexperienced doctors can work quickly and accurately. For eﬀective image-based diagnosis
using satellite communication, the envisaged support system for medical image diagnosis must allow the transmission
of many images as well as quick image recognition. Satellite communication lines are diﬀerent from ground-based
lines in terms of transmission delay and speed6. Quick image-based diagnosis is diﬃcult when using satellite com-
munication lines because of their long delays and low transmission speeds. It is diﬃcult to provide diagnoses to many
patients at the same time using full-sized medical images over satellite communication. To address this problem, we
considered that image-based diagnosis over satellite communication could be made more eﬀective if small thumbnails
of many medical images are ﬁrst transmitted for quick selection, after which only the selected images are transmitted
in full size7. Thus, we studied the relation between thumbnail size and the time necessary to recognize and select a
desired image from among many images in order to make a quick diagnosis over a narrow bandwidth. The system can
utilize a narrow bandwidth by sending thumbnails at the optimal size that allows the desired images to be identiﬁed
within a short time, eﬀectively transmitting only the useful images in full size to minimize the eﬀects of delay in
satellite communication. Toward this end, we conducted a measurement experiment to examine the relation between
the size of a thumbnail and the time necessary to detect the corresponding image.
The experiment was conducted using an HTTP server running on a personal computer (PC). An HTML page
containing many thumbnails (including a designated desired image) was presented to subjects by the HTTP server on
the display of the client PC. The subjects were instructed to look for the desired image among the thumbnails and to
click the corresponding thumbnail to open the full-sized image. Here, the desired image was one containing speciﬁed
person. If the subjects opened an undesired image, they returned to the original HTML page to continue looking for
the desired image; if the full-sized image was the desired one, the subjects were instructed to click on it to show the
recognition time on the display. The experiment was conducted for several thumbnail sizes.
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2.2. Experiment Setup
The images used in this experiment were group photographs showing three or more persons. The subject searched
for a desired image containing a speciﬁed person, whose face the subject had memorized. In telemedicine, a doctor
makes a diagnosis by viewing multiple images, recalling personal knowledge, and selecting individual images that are
useful. We considered the experimental task of searching images and recalling a memorized face to be comparable
to the task of searching images and recalling personal knowledge to make a diagnosis. The points that these tasks
have in common are the reason we used group photographs in the experiment. The original images were 3610 × 2399
pixels in size, and the display order of the thumbnails and the images shown (except the desired image) were diﬀerent
for each subject.
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Fig. 1. Conﬁguration for ten 67.5 × 45 mm thumbnails
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Fig. 2. Conﬁguration for ten 201.8 × 134.5 mm thumbnails
The experiment was conducted using 10 thumbnail sizes for 10 thumbnail images to examine the relation between
thumbnail size and detection time. In this study, we used the screen occupancy rate to evaluate the thumbnail size.
The screen occupancy rate was deﬁned as the percentage of the display occupied by the 10 thumbnails. Figure 1
1516   Takayuki Suga et al. /  Procedia Computer Science  35 ( 2014 )  1513 – 1518 
shows the conﬁguration of the display for 10 thumbnails of the smallest size (67.5 × 45 mm), and Figure 2 shows the
conﬁguration for 10 thumbnails of the largest size (201.8 × 134.5 mm). In the latter case, the space occupied by the
10 thumbnails was larger than the display itself and therefore the subject might have to scroll down the HTML page
in the browser to ﬁnd the desired image. The examined thumbnail sizes were 180 × 120, 270 × 180, 360 × 240, 540
× 360, 720 × 480, 810 × 540, 900 × 600, 1080 × 720, 1350 × 900, and 1620 × 1080 pixels (22.5 × 15, 33.75 × 22.5,
45 × 30, 67.5 × 45, 90 × 60, 101.25 × 67.5, 112.5 × 75, 135 × 90, 168.75 × 112.5, and 202.5 × 135 mm), and the
corresponding screen occupancy rates were 2%, 5%, 9%, 21%, 38%, 47%, 59%, 84%, 132%, and 190%, respectively.
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Fig. 3. Relation between image ﬁle size and pixel count
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Fig. 4. Schematic diagram of the image detection experiment
The group photographs were monochrome, and the JPEG format was used. The libjpeg library8 distributed by
the independent JPEG group was used for compression. The JPEG compression ratio was set to 80% for all images.
Figure 3 shows the relation between of image ﬁle size and pixel number for the compressed images. Groups of
thumbnail images with the same relation were used in this experiment.
The display of the client PC was an IBM T221 monitor, which has a resolution of 3840 ×2400 pixels and a
diaganal of 22.2 in (564 mm). We used a satellite communication simulator that supports both transmission delay and
bandwidth limitation. In this study, the transmission delay was set to 680 ms (a typical value for a geosynchronous
satellite), and the bandwidth was limited to 1.99 Mbps shared by several users. Figure 4 shows a schematic diagram
of the image detection experiment. We used the Apache HTTP server to transmit the HTML pages displaying image
data to the client PC via the satellite communication simulator through gigabit Ethernet card. The conﬁguration of the
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HTTP server was as follows: operating system, Windows 7; CPU, Intel Celeron T1600; server software, Apache 2.2.
The conﬁguration of the client PC was as follows: operating system, Windows 7; CPU, Intel Core i7 2600K; GPU,
Vapor-X Radeon HD 6770; Web browser, Mozilla Firefox 10. The 13 subjects had visual acuity of 0.7 or better.
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Fig. 5. Relation between average detection time (including transmission time) and screen occupancy rate
3. Results
Figure 5 shows the results for the relation between the average detection time (including transmission time) and
the screen occupancy rate. The average detection time at a screen occupancy rate of 21% was the shortest, with the
detection time becoming longer for larger and smaller screen occupancy rates. There were no signiﬁcant diﬀerences in
detection time between a screen occupancy rate of 21% and 5%, 9% 38%, or 47%. Signiﬁcant diﬀerences in detection
time were found between a screen occupancy rate of 21% and 2%, and between 21% and 59%, 84%, 132%, and190%.
We oﬀer the following explanation of these results. The equation relating the transmission speed, the average size
of 10 thumbnails and the transmission time is as follows.
Tt =
10S
V
(1)
Here, Tt is the transmission time, S is the average size of one image ﬁle, and V is the transmission speed. The
recognition time was calculated by subtracting the transmission time from the detection time. The relation between
the three times is as follows.
Tr = Td − Tt (2)
Here, Tr is the recognition time and Td is the detection time.
Figure 6 shows a plot of the average recognition time for each occupancy rate. Clearly, the eﬀect of thumbnail size
on average recognition time was small for an occupancy rate greater than 5%. There was a signiﬁcant diﬀerence in
recognition time between the results for a screen occupancy rate of 2% and the other occupancy rates, and a screen
occupancy rate of around 21% was found to be eﬀective in this experiment. There was a signiﬁcant diﬀerence in
recognition time between a screen occupancy rate of 21% and 132%. The thumbnail size that gives the shortest
detection time should be used if the recognition time is the same.
4. Conclusion
In this study, we proposed a method for examining the characteristics of thumbnails for image selection in a user-
friendly support system for medical image-based diagnosis over satellite communication. We analyzed the time in
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Fig. 6. Plot of average recognition time versus screen occupancy rate
which the subjects were able to ﬁnd a desired image from among 10 thumbnail images. Our experiment showed that
the optimal size of thumbnails for fast image transmission can be calculated based on the shortest image detection time.
The relation between detection time and thumbnail size had a minimum because satellite communication is associated
with a long delay. Extremely small thumbnail image size took a long time for image detection. If thumbnails are used,
the traﬃc demand decreases, making it possible to share the limited satellite bandwidth across several users and to
perform many tasks at the same time in a disaster area.
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